To investigate the feasibility of internal mammary sentinel lymph node biopsy as a method to refine and thereby improve nodal staging in breast cancer.
Summary Background Data
The internal mammary lymph node status is a major prognostic factor in breast cancer. If positive, prognosis is less favorable. However, staging this regional nodal basin is not performed routinely, thus discarding additional staging information.
Methods
In a consecutive series of 256 patients with primary breast cancer, sentinel node biopsy was performed based on lymphoscintigraphy, intraoperative gamma probe detection, and blue dye mapping using 10 mCi (370 MBq) 99m Tc-nanocolloid injected peritumorally and 0.5 to 1.0 mL Patent Blue V injected intradermally. During surgery, whenever possible, both axillary and internal mammary sentinel nodes were sampled.
Results
Lymphoscintigraphy showed axillary sentinel nodes in 95% (243/256) and additional internal mammary sentinel nodes in 25 .3% (65/256). The overall success rate of axillary sentinel node biopsy was 97% (249/256). Sampling the internal mammary basin, based on the results of lymphoscintigraphy, was successful in 63% (41/65). In three patients a small pleural lesion resulted from staging this basin. This technique revealed internal mammary metastases in 26.8% (11/41 ). In 7.3% (3/41), internal mammary nodes showed metastatic involvement without accompanying axillary metastases.
Conclusions
Internal mammary sentinel node biopsy is feasible without serious additional complications. It improves nodal staging in breast cancer by identifying higher-risk subgroups with internal mammary nodal metastases, which might benefit from altered adjuvant treatment regimens.
Accurate staging is of the utmost importance in planning breast cancer treatment. To date, the axillary lymph node status is considered the most important prognostic factor in breast cancer. Axillary staging is usually performed by axillary lymph node dissection (ALND). However, in patients thus classified as node-negative, long-term follow-up shows treatment failures in 15% to 30%. 1 The internal mammary lymph nodes represent a second regional basin of lymph drainage from the breast. This regional nodal basin was studied intensively in the 1950s and 1960s. [2] [3] [4] [5] [6] Because metastatic involvement of the internal mammary nodes is associated with a less favorable prognosis, the internal mammary nodal status is also considered a major prognostic factor in breast cancer. 6 -12 Thus, sampling of the internal mammary nodes would be necessary to obtain complete staging. 6, 13, 14 However, this procedure is not routinely performed in contemporary surgery. 12 Sentinel node (SN) biopsy was recently introduced as a less invasive alternative to ALND in staging breast cancer. [13] [14] [15] [16] [17] [18] [19] This new technique has an equivalent accuracy to ALND, as is shown in numerous studies. 20 -27 By using lymphoscintigraphy, the SN technique also visualizes SNs outside the axilla, mainly in the internal mammary basin. The purpose of this study is to investigate the feasibility of internal mammary SN biopsy as a minimally invasive procedure, refining nodal staging in breast cancer.
PATIENTS AND METHODS
From April 1997 to February 2000, after receiving approval of the local ethics committee and after obtaining informed consent, all consecutive patients with clinically node-negative operable primary breast cancer were included in a prospective study on SN biopsy. Except for pregnant women and those with T4 tumors, no patients were excluded. Our technique of SN biopsy has been described elsewhere. 27 After injection of 370 MBq (10 mCi) 99m Tcnanocolloid (Nanocoll, Nycomed Amersham Sorin, Saluggia, Italy) in 4 mL saline, either peritumorally or into the breast tissue adjacent to the cavity of the previous excisional biopsy, lymphoscintigraphy was performed after a mean interval of 16 hours (range [12] [13] [14] [15] [16] [17] [18] . This "next-day procedure" is preferred because good visualization of hot spots in this way can be combined with the logistic advantage of easy operating room planning and improved radiation safety considerations for the surgeon, the operating room personnel, and the pathologist. Scintigraphic images were obtained in three standard positions: anterior, anterior oblique, and lateral. The location of axillary and nonaxillary SNs was marked on the skin. After induction of general anesthesia in the operating room, 10 to 15 minutes before the incision, 0.8 to 1.0 mL Patent Blue V (Laboratoire Guerbet, Aulnaysous-Bois, France) was injected intradermally above the tumor or alongside the scar of the excisional biopsy. During surgery in all patients, attempts were made to harvest both axillary and nonaxillary SNs, as visualized on lymphoscintigraphy. If necessary, additional incisions (2.5-3 cm) were used to sample internal mammary SNs. Intraoperative identification of the SNs was based both on blue dye mapping and gamma probe detection (RMD 10 mm, Radiation Monitoring Devices, Inc., Watertown, MA). Interference from primary site radioactivity of medial tumors, impeding internal mammary SN identification, was managed by using an additionally collimated gamma probe and by narrowing the energy window of the probe, which decreases the influence of scattered radiation from the primary injection site. Despite these measures, interference occasionally led to failure in sampling a parasternal SN. A postoperative chest radiograph was obtained routinely after internal mammary node biopsy to exclude accidental pneumothorax.
In phase 1 of this study (137 patients), SN biopsy was followed by completion axillary lymph node dissection in all patients. After validation of the SN technique in our institute (tumor-positive axilla in 40% [55/137], false-negative SN in 1.8% [1/55], sensitivity 98% [54/55]), in phase 2 completion axillary lymph node dissection was performed only in cases of a tumor-positive axillary SN, or after a doubtful or unsuccessful SN procedure. Histopathologic examination of the SNs consisted of routine hematoxylin and eosin (H&E) staining, followed by serial sectioning and immunohistochemical staining whenever routine H&E staining did not reveal metastases.
RESULTS
One pregnant patient and 12 patients with T4 tumors were excluded. All other 256 consecutive patients were included in this study, consisting of 119 T1 tumors (46.5%), 117 T2 tumors (45.7%), and 20 T3 tumors (7.8%). Preoperative diagnosis was documented by fine-needle aspiration or core biopsy in 160 patients (62.5%) and by previous excisional biopsy in 96 patients (37.5%). The primary tumor was located in the upper outer quadrant in 116 patients (45%), the lower outer quadrant in 36 patients (14%), centrally in 20 patients (8%), the upper inner quadrant in 58 patients (23%), and the lower inner quadrant in 26 patients (10%). Lymphoscintigraphy visualized axillary hot spots in 95% (243/256). In 65 patients (25.3%), additional hot spots were noted in the internal mammary chain, in 63% draining medial or central tumors, and in 37% draining lateral tumors. Exclusive drainage to the internal mammary nodes was absent in our series. The axillary SN biopsy was successful in 97% (249/256). The axillary basin was tumorpositive in 45% (115/256). In 53% (61/115), the axillary SN was the only metastatic lymph node present.
Internal mammary sentinel node biopsy proved successful in 63% (41/65) of patients, showing parasternal hot spots on the scan, and revealed metastatic involvement in 26.8% (11/41) ( Table 1 ). Of these, 7.3% (3/41) had a negative axillary SN biopsy. In two, a completion ALND confirmed this result. One patient refused confirmation by ALND. Internal mammary metastases were associated with medial tumors in six patients and with lateral tumors in five patients.
In three cases a small pleural lesion resulted from the internal mammary biopsy. In all patients this was noted Failure to harvest the internal mammary nodes was mostly (in 18 patients) due to insufficient radioactivity uptake in the internal mammary nodes (see Table 1 ). Usually (in 32 patients) one parasternal node was sampled per patient, either the most radioactive node or the node nearest the tumor. In eight patients two parasternal nodes and in one patient three parasternal nodes were harvested. In all 51 parasternal nodes were removed. Twelve nodes (23.5%) were located in the second interspace; 17 nodes (33.3%), 13 nodes (25.5%), and 7 nodes (13.7%) were found in the third, fourth, and fifth interspace, respectively. In two patients the site of the parasternal node was not documented.
Internal mammary metastases were mostly found in the third interspace (47%), with 20%, 27%, and 6% of internal mammary metastases in the second, fourth, and fifth interspace, respectively. Most of the internal mammary nodes were not blue-stained (69%). The median ex vivo activity of the internal mammary nodes was 345 counts/10 seconds (range 12-2,866) No significant difference was found between radioactive uptake in parasternal tumor-positive nodes (median 432 counts/10 seconds, range 101-1,546) and tumor-negative nodes (median 302 counts/10 seconds, range 12-2,866). Ex vivo ratios (i.e., ex vivo SN activity against background activity) are not useful in the parasternal basin because background activity is virtually nil after successful biopsy of a radioactive parasternal node. The median ex vivo activity of axillary SNs in patients with successful internal mammary biopsy was 943 counts/10 seconds (range 13-17,159, median ex vivo activity ratio 43.3). No significant differences were found in axillary lymphatic drainage as measured by the nodal ex vivo activity, when internal mammary node-positive patients (median axillary ex vivo activity 656 counts/10 seconds) were compared with internal mammary node-negative patients (median axillary ex vivo activity 1,034 counts/10 seconds) (two-sided Student t test, NS; P ϭ .17).
DISCUSSION
Current nodal staging appears to be inadequate because distant metastases are known to occur in up to 30% of patients classified as node-negative by axillary staging. Therefore, other prognostic factors must be investigated to stratify high-risk subgroups among node-negative patients with breast cancer. The importance of bone marrow micrometastases as an (independent?) prognostic factor is under investigation 28, 29 and is subject of a new research protocol of the American College of Surgeons Oncology Group (ACOSOG Z0010 and Z0011). The clinical relevance of this phenomenon is unknown and the results of these studies have to be awaited.
By visualizing lymphatic drainage patterns to the axilla as well as other nonaxillary locations, the recently introduced technique of SN biopsy renewed our interest in the internal mammary node status, historically recognized as a major prognostic factor in breast cancer. Besides the axillary drainage pattern, SN lymphoscintigraphy simultaneously reveals this additional drainage pathway to the internal mammary chain. Based on lymphatic anatomy and physiology studies, the importance of the internal mammary chain as a second lymph node basin in breast cancer is well established. 18,30 -32 Various investigations have been published on sampling the internal mammary chain as part of the extended Halsted mastectomy to improve staging. [2] [3] [4] [5] [6] 10 From these and other studies, the overall incidence of internal mammary metastases is well known ( Table 2) . Internal mammary nodal metastases are reported to be present in 18% to 33% (mean 23.4%) of patients with breast cancer, mostly concomitant with axillary metastases. Metastases exclusively situated in the internal mammary chain occur in 2% to 11% of patients.
Important factors in determining the likelihood of internal mammary metastases are the axillary nodal status and the number of axillary nodes involved, 2,3,5-7,10 the site of the primary tumor, whether it is medial/central or later- Internal Mammary Sentinel Lymph Node Biopsy in Breast Cancer al, 2, 3, 5, 8, 10, 12, 24 the size of the primary tumor, 3, 5, 6 and the patient's age, with younger patients having a higher risk. 6 The extended radical mastectomy was abandoned in the 1970s both as a staging procedure, because of a low rate of internal mammary metastases in the absence of axillary metastases, and as a therapeutic procedure, because removal of all internal mammary lymph nodes (in earlier days without adjuvant therapy) did not improve the prognosis. [3] [4] [5] 7, 10 However, these early studies clearly show that internal mammary metastases are associated with more advanced disease and have a unfavorable prognosis. 3,5-8,10 -12 A combination of both axillary and internal mammary metastases is associated with poor prognosis, showing a 10-year overall survival rate of only 37%. 6 Because axillary node-positive patients generally receive adjuvant systemic therapy, the therapeutic consequence for patients in this subgroup with identified internal mammary metastases, although controversial, would be radiotherapy on the internal mammary chain. The effect of radiotherapy on the internal mammary chain on survival is the subject of an ongoing trial (EORTC 22922). If proven beneficial, patient selection for adjuvant radiotherapy on the internal mammary chain could be based on internal mammary SN biopsy.
The 10-year overall survival for patients with metastases exclusively located in the internal mammary nodes is approximately the same as that for axillary-positive and internal mammary-negative patients, averaging 60%. 6, 10, 11 Thus, patients staged as axillary-negative and internal mammarypositive are a higher-risk subgroup with (hidden) internal mammary metastases. As a result of internal mammary SN biopsy, this subgroup might benefit from this refinement of nodal staging by receiving adjuvant systemic therapy and radiotherapy. 7, 8, 10 In this study, lymphoscintigraphy revealed internal mammary SNs in 25.3% of patients by using peritumoral injections of 370 MBq radiocolloid followed by a mean interval of 16 hours. These scintigraphic results are related to the tracer type, the injection site, the interval, and the tracer dose. After peritumoral injection of the usual dose of 40 to 60 MBq 99m Tc-nanocolloid, lymphoscintigraphy generally reveals parasternal hot spots in only 9% to 16%. 11, 21, 24 When a higher tracer dose is used, as in this study, the scintigraphic identification rate of internal mammary hot spots increases. Moreover, it results in higher nodal uptake of radioactive tracer, facilitating intraoperative identification and harvesting of the SN in both the internal mammary and the axillary basin.
The value of blue dye mapping in internal mammary SN biopsy is limited. When routinely used as a complementary mapping technique in axillary SN biopsy, we prefer intradermal blue dye injection instead of peritumoral injection, because this results in more frequent blue staining of axillary SNs. 27 However, intradermal or subdermal radiocolloid and/or blue dye injection will not map internal mammary nodes because the skin of the breast does not drain to the internal mammary basin. [33] [34] [35] [36] A technique using peritu-moral blue dye only would involve blind dissection of the internal mammary basin without knowing to which interspace lymphatic drainage has occurred, if any. Therefore, when using a technique involving blue dye only, the surgeon should refrain from internal mammary SN biopsy.
The actual internal mammary biopsy can usually be performed using the mastectomy incision. In breast-conserving therapy, a small additional horizontal incision over the desired interspace is made, after which the biopsy technique described by Haagensen 3 proved useful. Internal mammary lymph nodes can be small and in this study were found mostly lateral to the internal mammary vessels.
Internal mammary SN biopsy in our series was successful in 63% (41/65) of patients with visualized internal mammary SNs, revealing overall internal mammary nodal metastases in 26.8% (11/41 ). This rate of metastatic involvement in the internal mammary nodes is in accordance with literature findings concerning internal mammary involvement in extended radical mastectomy, as is the percentage of patients with metastases exclusively located in the internal mammary chain, as found in our series (see Table 2 ).
When metastases were found both in the axillary and internal mammary basin (eight patients), the extent of axillary involvement was less than four positive nodes in five patients and more than four positive nodes in the remaining three patients.
The finding that 5 of 11 patients with internal mammary metastases had their primary tumor in the lateral quadrants of the breast (see Table 1 ) corroborates the assumption that all quadrants of the breast can drain into the internal mammary chain.
Additional complications of internal mammary biopsy were limited to small incisions over the intercostal space in relevant patients, with good cosmetic results, and pleural lesions in three patients, with uneventful recovery in all.
All 11 patients with internal mammary metastases received adjuvant therapy as a direct consequence of internal mammary biopsy: eight patients with positive axillary and internal mammary nodes received additional radiotherapy, and three patients with negative axillary nodes but positive internal mammary nodes received both chemotherapy and radiotherapy.
Our results show the technique and feasibility of internal mammary biopsy. Internal mammary nodal staging reveals otherwise hidden parasternal metastases, thereby stratifying higher-risk groups, however small, in both axillary nodepositive and axillary node-negative patients. The clinical relevance of this additional staging information is based on the worse prognosis associated with the presence of internal mammary metastases and the high incidence of breast cancer; thus, an improvement in the outcome of treatment, even in limited subgroups, may result in a substantial contribution to breast cancer therapy. Combining this improved staging information with survival rates of ongoing and future adjuvant treatment protocols might lead to improve-ments in not only nodal staging but also in breast cancer treatment.
One might argue that internal mammary SN staging does not really alter the prognosis but merely results in stage migration. However, without internal mammary sampling, staging is incomplete, ignoring the internal mammary status as the second major important prognostic factor in breast cancer. Internal mammary biopsy, by refinement, leads to more accurate staging and offers the possibility of a more rational use of adjuvant systemic therapies in patients with proven node-positive breast cancer. Therefore, we believe that internal mammary staging, as a minimally invasive procedure, is a useful and promising adjunct.
CONCLUSIONS
We conclude from the results of this study that internal mammary SN biopsy in breast cancer is technically feasible and improves nodal staging. This technique helps to identify a higher-risk subgroup of patients with internal mammary metastases who could benefit from adjuvant therapy. As a consequence of internal mammary biopsy, patients staged as axillary-positive and internal mammary-positive could receive additional radiotherapy, and patients staged as axillary negative and internal mammary-positive could receive adjuvant chemotherapy as well as locoregional radiotherapy. In turn, more accurate staging might help to identify patients who are truly node-negative, and they may be spared the complications of additional chemotherapy.
